Leukoencephalomyelitis, arthritis, and interstitial pneumonia are components of a widespread disease syndrome of goats (1, 2, 14) which appears to be due to a transmissible virus (3, 5) . Previous reports have described histological and pathological features of this disease, which, when young animals become infected, is principally characterized by a primary acute phase featuring demyelination of the central nervous system accompanied by pneumonia. Survivors of this acute phase continue to exhibit active lesions for years and often develop arthritis.
A demonstration of cell-free transmission of the disease indicated that a viral etiology was likely, and evidence was recently presented that the virus is a retrovirus related to a maedi-visna virus of sheep (5, 15) .
In this report, we compare the morphogenesis of caprine arthritis encephalitis virus (CAEV) with that of progressive pneumonia virus (PPV) and present biochemical and immunological evidence showing that they are closely related but not identical.
MATERLULS AND METHODS
Virus and cells. The CAEV isolate was obtained from an arthritic goat from a herd in Florida. This animal was shown to be serologically positive for CAEV infection by D. S. Adams (Department of Veterinary Pathology, Washington State University, Pullman, Wash.). An autochthonous cell culture was established from the synovial tissue of an affected joint, and giant cell formation was noted 10 days later. The virus was propagated on carpal synovial cells or primary goat testicle cells. PPV and an ovine fetal cornea cell line were generously provided by R. C. Cutlip (U.S. Department of Agriculture, Ames, Iowa). All cell lines were maintained on Dulbecco-modified minimal essential medium supplemented with 10% newborn calf serum.
Light and electron microscopy. The cytopathic effects of CAEV infection of goat testicle cells were monitored by phase-contrast microscopy.
Monolayers of control and infected cells were prepared for electron microscopy by brief fixation (1 to 5 min) in 2.5% glutaraldehyde in phosphate-buffered saline at room temperature and were then scraped and pelleted in 0.4-ml microfuge tubes. The pellets were transferred to vials and fixed in 2.5% glutaraldehyde for a total of 1 h. After several washes in phosphatebuffered saline over 1 h, the pellets were postfixed in 10% glycerol, and 0.005% bromophenol blue). After heating the tubes to 100°C for 2 min, we centrifuged the samples as before and applied the supernatants to slab gels (either 10% or 5 to 20% gradients) with 3.5% stacking gels, using the discontinuous buffer system described by Laemmli (12) . After electrophoresis, the gels were fixed, impregnated with Enhance (New England Nuclear Corp., Boston, Mass.), dried, and exposed overnight using X-Omat R film (Kodak) and enhancing screens. For staining, gels were gently agitated overnight in 25% isopropanol-10% acetic acid containing 0.07% Coomassie brilliant blue R-250 and destained in 25% isopropanol-10% acetic acid.
RESULTS
Electron microscopy of CAEV. Infection of either goat synovial cells or goat testicle cells with CAEV was followed by focal cytopathic effects manifested as highly vacuolated cells and moderately large syncytia. These cultures required two or more conservative subculturings before widespread cytopathic effects were observed. In addition, culture fluids frequently contained such low levels of virus that infection of fresh cultures was unsuccessful. This suggests that the transfer of virus by cell-to-cell contact may be the predominant means of virus spread.
Figures 1A and B depict CAEV-infected carpal synovial cells. In Fig. 1A , a large number of budding virions can be observed on the surface of a syncytium. Only those cells which are highly vacuolated or contain several nuclei produced virus. Infected cells often had a very large number of budding virions on their surface and within small cytoplasmic vacuoles. Extracellular virions, on the other hand, were rare. A great many of the budding virions were aberrant in both size and shape with many stalklike structures apparent. Such aberrant budding structures are also typical of PPV-infected cells (4, 8, 16, 17) . Figure 1B demonstrates that CAEV budding virions are very similar in appearance to type C retroviruses. Noteworthy are the close apposition of the viral nucleoid to the outer limiting membrane, also typical of visna virus morphology (4, 8) , and the lack of prominent surface spikes.
Transmission of CAEV to heterologous cell lines. Since our initial efforts to characterize the growth and morphogenesis of CAEV in goat cells suggested that the virus was not readily released as mature virus, an attempt was made to transmit the virus to other cell lines.
Virus harvested from infected goat carpal synovial cells was filtered through a 0. also permissive for CAEV. Since PPV also infected both Himalayan tahr ovary and fetal lamb spleen cells (data not shown), it appears that there is considerable overlap in the cell culture host ranges of PPV and CAEV.
Electron microscopy of CAEV-infected Himalayan tahr cells. CAEV infection of tahr cells led to widespread cytopathic effects within 7 to 10 days without the need for subculturing. Such cultures can be maintained for several weeks, and substantial amounts of virus can be obtained by periodically fluid-changing the cultures. Figure 1C shows that, unlike CAEV-infected goat cells, extracellular virions are readily observed. By 10 days after infection, essentially all cells were producing some virus. In addition, the tahr cells frequently contained clusters of virions budding from endoplasmic reticulum membranes (Fig. 1D) , a property shared with PPV (8, 13) and rare for type C retroviruses.
Comparison of CAEV with PPV proteins. 1.15 g/ml, which agrees with the value previously reported by Crawford et al. (5) and is identical to that of visna (1.15 to 1.16 g/ml [8] The two virus preparations were not pure enough to allow identification of other structural proteins, although the PPV p105 was precipitated by serum from CAEV-infected goats (see below). PPV has been shown in several reports to be virtually indistinguishable from other lentivirus isolates from sheep (8, 10, 15, 16) . The data presented here on the proteins of PPV are in agreement with earlier reports on the protein composition of the lentiviruses (8, 9, 13) . Figure 3 illustrates the results of immune precipitation of [3S]methionine-labeled CAEV and PPV and cell extracts. (Although in this case CAEV was grown on tahr cells and PPV was grown on ovine fetal cornea cells, the same proteins were immunoprecipitated when either virus was grown on either cell line; data not shown.) Precipitates in lanes labeled A resulted from using a serum from a CAEV-infected goat, whereas those in lanes labeled B resulted from using a commercial pooled goat serum. When these sera were used with [3S]methionine-labeled extracts of uninfected tahr or ovine fetal (Table 1) . CAEV p51 and p63 and PPX p56 precipitated from cell extracts do ni to be major virion proteins, since comparable major bands were not observed in unlabeled virus (Fig. 2) . Although the anti-CAEV serum precipitated CAEV p28, PPV p27, and CAEV (5) reported that some forms of chronic arthritis in goats may be due to a retrovirus. The same virus is apparently responsible for leukoencephalomyelitis in young animals, leading to the acronym CAEV (caprine arthritis encephalitis virus [5] ). The evidence they presented that CAEV is a retrovirus was: (i) a demonstration that virus banding in sucrose gradients at 1.15 g/ml contained reverse transcriptase; (ii) a mention that immunodiffusion data indicated antigenic similarity, but not identity to visna virus; and (iii) an electron microscopic observation purporting to show that CAEV exhibits the characteristic morphology of retroviruses.
The electron micrograph presented (5), however, does not illustrate normal retrovirus morphogenesis and does not depict budding or extracellular stages typical of visna replication. It does appear to illustrate the intracellular budding, utilizing endoplasmic reticulum membranes, shown here in Fig. 1D . Although budding was observed primarily in syncytia in the carpal synovial cultures, essentially all of the cells in Himalayan tahr ovary cultures were shedding virus.
When virion proteins of PPV and CAEV are electrophoresed together (Fig. 2) , it is apparent that the patterns are not identical. The major glycoprotein of CAEV was slightly larger and appears to represent a single moiety in comparison to the apparent doublet of PPV. Similarly, the major structural protein of CAEV was larger (28,000 daltons) than that of PPV (27,000 daltons). Lastly, the electrophoretic mobilities of the smaller virion proteins differed significantly for the two viruses (Fig. 2) .
When a serum from a CAEV-infected goat was used to immunoprecipitate [35S]methioninelabeled virus and cell extracts (Fig. 3) , it became evident that the two viruses are immunologically closely related. The serum recognized several non-virion proteins in both CAEV-and PPVinfected cells, while also recognizing the major structural proteins and glycoprotein of both viruses. The possibility that the non-virion proteins may represent unprocessed or incompletely processed virus polyproteins is currently under study.
As with other slow virus infections, the arthritic form of CAEV infection develops over a period of months and occurs in the presence of antibody to the virus. It has been suggested that the slow development of this type of disease may be due to an unusually low rate of virus synthesis and release from infected cells (8) . The low rate of CAEV replication in cultured caprine cells is consistent with this hypothesis and offers a possible explanation for the chronicity of the infection.
